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1. INTRODUCTION 

Extens ive depos i t s  o f  s o f t  brown c o a l  e x i s t  i n  T e r t i a r y  age sediments i n  a number 
o f  areas i n  V i c t o r i a  and t h e  l a r g e s t  s i n g l e  depos i t  occurs i n  t h e  La t robe  Valley, 
about i50 k i l o m e t e r s  eas t  o f  i k i b o u r n e .  i n  t h i s  r e g i o n  the c o a l  seams of ten 
exceed 150 metres i n  th i ckness ,  wi th  an overburden t o  c o a l  r a t i o  u s u a l l y  b e t t e r  
than 1:2 making t h e  c o a l  i d e a l l y  s u i t e d  f o r  l a r g e - s c a l e  open-cut min ing.  

A recen t  s tudy (1) has es t ima ted  t h e  S t a t e ' s  brown c o a l  resources t o  be almost 
200,000 m i l l i o n  tonnes w i t h  approx imate ly  52,000 m i l l i o n  tonnes de f i ned  as usable 
reserves. 

Since 1920 Lat robe Va l l ey  brown c o a l  has been developed f o r  power generat ion.  The 
S t a t e  E l e c t r i c i t y  Commission o f  V i c t o r i a  (SECV) wins c o a l  from two major open cu ts  
a t  Ya l l ou rn  and Morwel l  and operates c o a l  f i r e d  power s t a t i o n s  which p resen t l y  
consume approx imate ly  35 m i l l i o n  tonnes pe r  annum. I n  a d d i t i o n  t o  power 
generation, sma l l  q u a n t i t i e s  o f  brown c o a l  a r e  used fo r  b r i q u e t t e  manufacture and 
char  product ion.  

Brown coa l  accounts f o r  about 95% o f  V i c t o r i a ' s  non-renewable energy reserves and 
i t  i s  now recognized t h a t  w i t h  s u i t a b l e  up-grading, p r i m a r i l y  d ry ing ,  i t  has the 
p o t e n t i a l  t o  become t h e  b a s i s  o f  t h e  supply  o f  energy i n  a v a r i e t y  o f  forms. 
C u r r e n t l y  va r ious  s t u d i e s  f o r  major  convers ion p r o j e c t s  proposed by Aus t ra l i an ,  
Japanese and German i n t e r e s t s  a r e  be ing  undertaken w i t h  t h e  co-operat ion o f  the 
V i c t o r i a n  Brown Coal Counci l ,  t h e  most advanced p r o j e c t  be ing  a 50 tonne per  day 
hydrogenation p i l o t  p l a n t  c u r r e n t l y  under c o n s t r u c t i o n  a t  Morwell  funded by New 
Energy Development Organ iza t i on  (NEOO) o f  Japan. 

The chemical c h a r a c t e r i s t i c s  o f  La t robe  Va l l ey  brown c o a l s  have been ex tens i ve l y  
s t u d i e d  over t h e  l a s t  t w e n t y - f i v e  years, p r i m a r i l y  i n  r e l a t i o n  t o  t h e  e f f e c t  o f  
c o a l  q u a l i t y  on combustion f o r  power generat ion.  More r e c e n t l y  a research p r o j e c t  
was i n i t i a t e d  wi th  t h e  o b j e c t i v e  o f  de te rm in ing  t h e  c h a r a c t e r i s t i c s  and s u i t a b i l i t y  
o f  t h e  S t a t e ' s  brown c o a l  resources f o r  uses o t h e r  than power generat ion,  p r i m a r i l y  
convers ion t o  l i q u i d  f u e l s .  

Th is  paper o u t l i n e s  t h e  chemical  c h a r a c t e r i s t i c s  o f  V i c t o r i a n  brown c o a l  and 
d iscusses t h e  v a r i a b i l i t y  o f  t h e  c o a l  b o t h  between f i e l d s  and within a seam. The 
importance o f  chemical p r o p e r t i e s  i n  r e l a t i o n  t o  c o a l  q u a l i t y  and t h e  i m p l i c a t i o n s  
fo r  u t i l i z a t i o n  a re  a l s o  b r i e f l y  addressed. 

2 .  PROPERTIES OF VICTORIAN BROWN COAL 

The development and adap ta t i on  o f  modern a n a l y t i c a l  techniques f o r  a n a l y s i s  o f  
V i c t o r i a n  brown c o a l  was p ioneered j o i n t l y  i n  t h e  1960's by t h e  Commonwealth 
S c i e n t i f i c  and I n d u s t r i a l  Research Organ iza t i on  and t h e  S t a t e  E l e c t r i c i t y  
Commission o f  V i c t o r i a .  As a r e s u l t  t he  t o t a l  c o a l  a n a l y s i s  t ime  was ha lved  and 
t h e  de te rm ina t ion  o f  t h e  ash forming c o n s t i t u e n t s  d i r e c t l y  on t h e  c o a l  t ook  one 
s i x t h  o f  t h e  t ime o f  conven t iona l  ash ana lys i s .  More i m p o r t a n t l y  brown c o a l  
a n a l y s i s  was p u t  onto a r a t i o n a l  b a s i s  t a k i n g  i t s  unique p r o p e r t i e s  i n t o  account; 
and p r o v i d i n g  more p e r t i n e n t  i n f o r m a t i o n  concern ing t h e  genesis, occurrence and use 
of  V i c t o r i a n  brown coa l .  

About 85% o f  th is  c o a l  i s  l o c a t e d  i n  t h e  La t robe  Val ley.  
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Moisture 

One O f  t h e  most impor tan t  chemical  measurements made on  brown c o a l  i s  t h e  
mois ture content  which i s  a l s o  a good measure o f  p h y s i c a l  rank; t h e  g r e a t e r  the 
degree o f  compaction of  t h e  c o a l  and i t s  degree o f  c o a l i f i c a t i o n ,  t h e  lower  i s  the 
mois ture content .  To o b t a i n  meaningfu l  r e s u l t s  the  sampling and sample prepara- 
t i o n  have t o  be c a r r i e d  ou t  q u i c k l y  t o  avo id  mo is tu re  loss. The choice of  the 
method of  de te rm ina t ion  is impor tan t  as thermal  decomposit ion o f  f u n c t i o n a l  groups 
can r e s u l t  i n  l o s s  o f  C02 as w e l l  as H20. The p r e f e r r e d  methods the re fo re  i n v o l v e  
d i r e c t  measurement o f  t h e  water re leased  e i t h e r  by azeo t rop i c  d i s t i l l a t i o n  or 
adsorpt ion from an i n t e r t  c a r r i e r  gas r a t h e r  than  by weight  l o s s  of  t h e  coa l .  

I t  i s  impor tant  t o  r e a l i z e  t h a t  t h e  bed mo is tu re  con ten t  o f  s o f t  brown c o a l s  1s 
s i g n i f i c a n t l y  h ighe r  than  t h e  e q u i l i b r i u m  moisture h o l d i n g  capac i t y ,  a parameter 
which i s  used t o  c h a r a c t e r i z e  h ighe r  ranks coals .  Th is  i s  i l l u s t r a t e d  i n  Table 1 
fo r  a range o f  V i c t o r i a n  brown coals .  

I n  terms o f  mo is tu re  t h e  economic va lue of  h i g h  rank c o a l s  i s  bes t  i n d i c a t e d  by the 
mois ture h o l d i n g  c a p a c i t y  because i t  r e f l e c t s  the  c o n d i t i o n  o f  t h e  c o a l  f o r  
u t i l i z a t i o n .  I n  t h e  case o f  V i c t o r i a n  brown c o a l  t h e  bed mois ture content  i s  the 
c r i t i c a l  value, s i n c e  t h e  c o a l  i s  used d i r e c t l y  from t h e  open c u t .  

iJ 
1 
i 
'{ 

Minera l  and Ino rqan ic  Content 

Ash content has been t r a d i t i o n a l l y  used t o  assess t h e  magnitude o f  combustion 
res idue and t o  d e r i v e  t h e  so c a l l e d  "coa l  substance" by d i f f e r e n c e  which a l l ows  
meaningful comparisons o f  d i f f e r e n t  coals .  I n  t h i s  con tex t  t h e  ash i s  used as an 
approximation o f  t h e  m ine ra l  ma t te r  content .  The t a c i t  assumption made, of 
course, i s  t h a t  t h e  ash i s  de r i ved  s o l e l y  from c o a l  minera ls ,  and t h i s  i s  c e r t a i n l y  
n o t  t he  case f o r  V i c t o r i a n  brown c o a l  where the  b u l k  o f  t h e  ash forming m a t e r i a l  
occurs as i nhe ren t  i n o r g a n i c  ma t te r  i n  t h e  form o f  exchangeable ca t i ons ,  assoc iated 
wi th  oxygen c o n t a i n i n g  f u n c t i o n a l  groups. This i s  a l s o  t h e  case wi th  many o t h e r  
low rank coals .  

Using a combination o f  X-Ray f luorescence (XRF) on c o a l  p e l l e t s  and Atomic 
abso rp t i on  ( A A )  techniques on a c i d  e x t r a c t s ,  d i r e c t  chemical analyses o f  t he  ash 
forming elements i n  V i c t o r i a n  brown coa l  has been performed. A r i s i n g  from t h i s ,  a 
method o f  express ion o f  r e s u l t s  has been developed (2 )  which i s  based on 
c l a s s i f y i n g  t h e  m ine ra l  ma t te r  i n  brown c o a l  i n t o  m i n e r a l  and i n o r g a n i c  ma t te r  
f r a c t i o n s  and express ing each i n  a way which r e f l e c t s  t h e i r  occurrence i n  t h e  
coal .  

The Inorganics a re  a group of exchangeable c a t i o n s  and water  s o l u b l e  s a l t s ,  
analysed by AA on d i l u t e  a c i d  e x t r a c t s  from t h e  c o a l  and expressed i n  terms o f  
chemical a n a l y s i s  on a c o a l  bas i s  as - 

Ino rgan ics  = Na + Ca + Mg + Fe + ( A l )  + ( S i )  + NaCl 

where Fe r e f e r s  t o  the  n o n - p y r i t i c  i r o n  and ( A I )  and ( S i )  t o  the  a c i d  s o l u b l e  
aluminium and s i l i c o n  r e s p e c t i v e l y .  Th i s  express ion i s  compl icated by t h e  f a c t  
t h a t  some i r o n  and aluminium can be present  as a c i d  s o l u b l e  hydroxides, b u t  these 
a re  n o t  u s u a l l y  s i g n i f i c a n t .  

The group named M ine ra l s ,  which occurs as d i s c r e t e  p a r t i c l e s  p r i n c i p a l l y  o f  quar tz ,  
k a o l i n i t e  and py r i t e /marcas i te  i s  expressed i n  terms of  chemical a n a l y s i s  as - 

Mine ra l s  = S i 0 2  + A 1 ? O J  + T i O ,  + K20 + FeS, 

This express ion i gno res  t h e  water o f  c o n s t i t u t i o n  of  c l a y s  which i s  u s u a l l y  o f  
n e g l i g i b l e  magnitude f o r  V i c t o r i a n  brown coa ls .  
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The t o t a l  weight o f  M ine ra l s  and I n o r g a n i c s  expressed on a d r y  c o a l  b a s i s  g i ves  t h e  
bes t  est imate corresponding t o  "m ine ra l  ma t te r "  i n  h i g h  rank  c o a l  technology. I n  
the  case o f  Lat robe Va l l ey  c o a l s  t h e  Ino rgan ics  a r e  f a r  more impor tan t  than 
M i n e r a l s  b a t h  i n  q u a n t i t y  and from a u t i l i z a t i o n  p o i n t  o f  view. 

From a knowledge o f  t h e  chemical  c o n s t i t u t i o n  o f  t h e  m i n e r a l  ma t te r  i t  i s  poss ib le  
t o  c a l c u l a t e  and p r e d i c t  t h e  compos i t i on  o f  t he  ash or  i n o r g a n i c  res idue  remain ing 
a f t e r  most t e c h n o l o g i c a l  processes. Table 2 i l l u s t r a t e s  the  comparison between 
m i n e r a l  ma t te r  content  and ash con ten t  and the  success fu l  c a l c u l a t i o n  o f  ash con- 
t e n t  from mine ra l  ma t te r  da ta  f o r  a number o f  t y p i c a l  V i c t o r i a n  brown coa ls .  Table 
3 i l l u s t r a t e s  the f u t i l i t y  o f  p r e d i c t i n g  t h e  q u a n t i t i e s  o f  ash produced i n  modern, 
p u l v e r i z e d  f u e l  f i r e d  power s t a t i o n s  from t h e  e m p i r i c a l  ash t e s t  r e s u l t s .  I t  
i l l u s t r a t e s  for  Morwel l  and Y a l l o u r n  c o a l s  t h e  q u a n t i t i e s  o f  ash produced i n  a 
b o i l e r  as opposed t o  t h e  ash t e s t ;  and i t  compares t h e  l a b o r a t o r y  ash composi t ion 
w i th  t h e  p r e c i p i t a t o r  ash a c t u a l l y  produced. The m i n e r a l  ma t te r  composi t ion i s  
a l s o  g i ven  as a gu ide.  Bo th  t h e  l a b o r a t o r y  and p r e c i p i t a t o r  ash composi t ions can 
be c a l c u l a t e d  from t h e  composi t ion o f  t he  m ine ra l  ma t te r  by a l l o w i n g  f o r  t he  d i f -  
ference i n  t h e  degree o f  s u l p h a t i o n  o f  t he  Ino rgan ics .  By extending t h i s  approach 
i t  shou ld  a l s o  be p o s s i b l e  t o  c a l c u l a t e  t h e  composi t ion o f  the i n o r g a n i c  res idue 
ob ta ined  i n  hydrogenat ion processes. 

I t  shou ld  a l s o  be no ted  t h a t  oxygen can o n l y  be est imated by d i f f e r e n c e  i f  the  
m i n e r a l  ma t te r  i s  known; u s i n g  t h e  ash va lue  w i l l  y i e l d  m is lead ing  r e s u l t s .  

Oxyqen f u n c t i o n a l  Groups 

Oxygen i s  one o f  t h e  major elements p resen t  i n  t h e  o rgan ic  substance o f  V i c t o r i a n  
brown coa l .  For La t robe  V a l l e y  brown c o a l s  oxygen g e n e r a l l y  comprises over  25% on 
a d r y  m ine ra l  and i n o r g a n i c  f ree  ( d m i f )  b a s i s  and about h a l f  o f  t h i s  oxygen can be 
accounted for i n  t h e  a c i d i c  f u n c t i o n a l  groups -phenol ic  hyd roxy l ,  f r e e  c a r b o x y l i c  
a c i d  and carboxy late.  The 40-50% o f  t h e  oxygen n o t  accounted f o r  as a c i d i c  oxygen 
i s  p r i m a r i l y  conta ined i n  ca rbony l  groups, e t h e r  l i n k a g e s  and h e t e r o c y c l i c  r i n g  
s t r u c t u r e s .  

3. VARIATION OF CHEMICAL PROPERTIES WITHIN A SEAM 

The v a r i a t i o n  o f  chemical p r o p e r t i e s  i n  a brown c o a l  seam i s  a t t r i b u t a b l e  t o  the 
i n f l u e n c e  o f  t w o  independent v a r i a b l e s ,  namely c o a l  rank and c o a l  type.  Rank 
v a r i a t i o n s  a r e  due t o  t h e  b u r i a l  h i s t o r y  o f  t he  coa l ,  t h a t  i s  t he  t ime,  temperature 
and pressure i t  has undergone s i n c e  i t s  depos i t i on .  However, t y p e  ( o r  l i t h o t y p e )  
v a r i a t i o n s  a l s o  s i g n i f i c a n t l y  i n f l u e n c e  brown c o a l  p roper t i es .  L i t h o t y p e s  a r i s e  
from v a r i a t i o n s  i n  t h e  p r e v a i l i n g  b o t a n i c a l  communities, i n  t h e  depth and na tu re  o f  
t he  swamp water  and i n  t h e  c o n d i t i o n s  o f  decay and decomposit ion o f  p l a n t  m a t e r i a l .  
I n  V i c t o r i a n  brown c o a l  these l i t h o t y p e s  a r e  macroscopica l ly  recogn izab le  bands o r  
l a y e r s  wi th in  a c o a l  seam which become r e a d i l y  apparent on p a r t i a l l y  d r i e d  and 
weathered faces of  open c u t s .  The b a s i c  f a c t o r s  on which l i t h o t y p e s  a r e  c l a s s i -  
f i e d  a r e  c o l o u r  and t e x t u r e  i n  a i r  d r i e d  c o a l  , w i t h  degree o f  g e l i f i c a t i o n ,  
weathering p a t t e r n  and p h y s i c a l  p r o p e r t i e s  used as supplementary c h a r a c t e r i s t i c s  
which v a r i e s  from p a l e  t o  dark brown. I n  t h e  case o f  Lat robe Va l l ey  coals ,  the 
c o l o u r  o f  t h e  a i r  d r i e d  c o a l  as measured by i t s  d i f f u s e  r e f l e c t a n c e  and expressed 
as a Colour Index g i ves  a numer i ca l  va lue r e l a t e d  t o  l i t h o t y p e .  

The v a r i a t i o n  i n  rank w i t h  depth i n  t h e  Morwell  Open Cut i s  i l l u s t r a t e d  by the 
y e a r l y  weighted averages f o r  each o p e r a t i n g  l e v e l .  The g rada t ion  i n  rank i s  
c l e a r l y  i l l u s t r a t e d  i n  f i g u r e  1 by t h e  i nc rease  i n  carbon content ,  and t h e  associ- 
a ted  i nc rease  i n  gross d r y  s p e c i f i c  energy; t h e  v o l a t i l e  mat ter  a l s o  decreases 
s l i g h t l y  with depth. These samples were n o t  s e l e c t e d  on a l i t h o t y p e  b a s i s  and the 
gradual  changes i n  these c o a l  p r o p e r t i e s  a re  presumed t o  a r i s e  p r i m a r i l y  from the 
i nc rease  in  rank w i t h  depth. 
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The v a r i a t i o n  of  c o a l  p r o p e r t i e s  w i t h  l i t h o t y p e  has been examined w i t h i n  continuous 
sequences of samples taken  from f i v e  Lat robe Va l l ey  c o a l  f i e l d s  ( 3 ) .  The r e s u l t s  
i n d i c a t e  t h a t  t h e  c o a l  p r o p e r t i e s  r e l a t e d  t o  t h e  o rgan ic  c o a l  substance, eg: vola- 
t i l e  mat ter ,  hydrogen, carbon, oxygen and s p e c i f i c  energy vary w i t h  l i t h o t y p e  
l a y e r s  i n  the  c o a l  seam. The dependence o f  carbon and hydrogen on l i t h o t y p e  (as 
measured by c o l o u r  i ndex )  i s  i l l u s t r a t e d  i n  F igu re  2 for a t y p i c a l  bore. A l l  the 
major c o n s t i t u e n t s  of  t h e  o rgan ic  c o a l  substance a r e  l i t h o t y p e  dependent and t h e i r  
v a r i a t i o n  w i t h i n  a seam i s  a d i r e c t  consequence o f  t h e  changes i n  depos i t i ona l  
environment which occu r red  d u r i n g  fo rma t ion  o f  t h e  seam. 

The occurrence o f  o rgan ic  su lphur  and o rgan ic  n i t r o g e n  i s  independent o f  l i t h o t y p e  
a l though the  concen t ra t i on  o f  n i t r o g e n  i s  i n f l u e n c e d  by the  presence o f  wood i n  the  
coa l .  

Genera l ly  speaking, t h e  concen t ra t i on  o f  m ine ra l s  i n  t h e  c o a l  i s  h i g h e s t  near the 
overburden and t h e  in terseam sediment l aye rs .  Because o f  t h e  d i s c r e t e  na tu re  of 
t h e  minera ls  t h e i r  sporadic  d i s t r i b u t i o n  i n  a seam cannot be accu ra te l y  assessed 
from a s i n g l e  t r a v e r s e  o f  sampling through t h e  seam. 

The concen t ra t i on  of  i no rgan ics ,  p a r t i c u l a r l y  sodium, magnesjum, ca l c ium and non- 
p y r i t i c  i r o n  show no r e l a t i o n s h i p  t o  l i t h o t y p e  (F igu re  2 )  a l though some depth 
r e l a t e d  concen t ra t i on  g r a d i e n t s  a re  apparent. Sodium and magnesium o f t e n  show a 
concen t ra t i on  increase near t h e  top o f  a bore w h i l s t  t h e  aluminium concen t ra t i on  
tends t o  increase near the  bottom. Th is  i s  b e l i e v e d  t o  be due t o  d i f f u s i o n  of 
aluminium i n t o  t h e  c o a l  from t h e  c lay  c o n t a i n i n g  sediments below t h e  c o a l  seam. On 
t h e  o the r  hand ca lc ium i n  t h e  Morwell  open c u t  has t h e  h i g h e s t  concen t ra t i on  near 
the  middle o f  t h e  p r o f i l e .  

The l a c k  o f  c o r r e l a t i o n  between these i n o r g a n i c  species and l i t h o t y p e  i n d i c a t e s  
t h a t  t h e  i no rgan ics  a r e  probably  pos t -depos i t i ona l  i n  o r i g i n .  This i s  cons i s ten t  
wi th  t h e i r  d i f f u s i o n  through t h e  water o f  t h e  c o a l  g i v i n g  r i s e  t o  concen t ra t i on  
gradients .  

i 

4. V A R I A T I O N  IN CHEMICAL PROPERTIES BETWEEN COALFIELDS 

In a d d i t i o n  t o  t h e  v a r i a t i o n  o f  chemical p r o p e r t i e s  wi th in  c o a l  seams, s i g n i f i c a n t  
v a r i a t i o n  a l s o  occurs between d i f f e r e n t  c o a l f i e l d s  i n  V i c t o r i a .  A n  ex tens i ve  re- 
search programme i n  which t h i s  v a r i a t i o n  was i n v e s t i g a t e d  has been conducted by t h e  
S ta te  E l e c t r i c i t y  Commission o f  V i c t o r i a  on b e h a l f  o f  t h e  V i c t o r i a n  Brown Coal 
Counci l .  

I n  t h i s  Brown Coal E v a l u a t i o n  Programme a sampling phi losophy was adopted t h a t  
would h i g h l i g h t  t h e  n a t u r a l  v a r i a b i l i t y  o f  t h e  c o a l  and i n d i c a t e  t h e  range o f  coal  
q u a l i t i e s  which may be encountered d u r i n g  m in ing  and u t i l i z a t i o n  o f  t he  deposi ts .  

;he programme commenced i n  t h e  Lat robe Va l l ey  c o a l f i e l d s  by sampling open-cut faces 
and 220 mm diameter bore cores and was l a t e r  extended t o  i n c l u d e  major c o a l  depo- 
s i t s  i n  V i c t o r i a .  L i t h o t y p e  l o g s  were prepared u s i n g  q u a r t e r  co re  sec t i ons  l a i d  
ou t  t o  d ry ,  and s e l e c t e d  l i t h o t y p e  samples from each co re  were analysed f o r  a 
v a r i e t y  o f  chemical, p h y s i c a l  and pe t rog raph ic  c h a r a c t e r i s t i c s  and u t i l i z a t i o n  
parameters; 144 parameters i n  a l l .  To date, a t o t a l  o f  219 c o a l  samples have 
been analysed from t h r e e  open c u t  faces and twenty 220 mm diameter bore cores, 
rep resen t ing  11 c o a l f i e l d s  throughout  V i c t o r i a .  Coal samples from a f u r t h e r  s i x  
bores a r e  p r e s e n t l y  be ing  character ized.  

The da ta  generated from these analyses and t e s t s  was evaluated by s t a t i s t i c a l  
methods and c o r r e l a t i o n  c o e f f i c i e n t s  have been determined between a l l  p a i r s  o f  
va r iab les .  Ana lys i s  o f  t h i s  da ta  has revealed s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  che- 
m ica l  p r o p e r t i e s  o f  t h e  coa l  from d i f f e r e n t  f i e l d s  and enables t h e  s e l e c t i o n  o f  
c o a l  w i t h  s p e c i f i c  p r o p e r t i e s  f o r  p a r t i c u l a r  a p p l i c a t i o n s .  Table 4 i l l u s t r a t e s  
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some of these d i f f e r e n c e s  by showing t h e  range of  values determined f o r  se lec ted  
c o a l  p r o p e r t i e s  f rom 219 samples (11 c o a l f i e l d s ) .  T y p i c a l  va lues  from the  two open 
c u t  mines c u r r e n t l y  o p e r a t i n g  i n  t h e  Latrobe Va l ley  are shown f o r  comparison. 
These d i f f e r e n c e s  i n  chemical p r o p e r t i e s  between t h e  d i f f e r e n t  c o a l f i e l d s  are 
g e n e r a l l y  more s i g n i f i c a n t  than l a t e r a l  v a r i a t i o n s  w i t h i n  a p a r t i c u l a r  f i e l d  ( i e :  
between d i f f e r e n t  bores w i t h i n  a f i e l d )  and they are  p r i m a r i l y  r e l a t e d  t o  rank. 

5. EFFECT OF CHEMICAL PROPERTIES ON UTILIZATION 

As a r e s u l t  o f  t h e  Brown Coal E v a l u a t i o n  Programme, t h e  understanding o f  the 
v a r i a b i l i t y  o f  V i c t o r i a n  brown coa ls  and i t s  i m p l i c a t i o n s  f o r  u t i l i z a t i o n  have 
improved s u b s t a n t i a l l y .  I t  has become apparent t h a t  c e r t a i n  chemical p r o p e r t i e s  
can have important consequences f o r  u t i l i z a t i o n  o f  t h e  c o a l  f o r  power generat ion,  
l i q u e f a c t i o n  and o ther  a p p l i c a t i o n s .  

A number o f  examples w i l l  be b r i e f l y  descr ibed - 
Carbonate Format ion Dur ing  Hydrogenation 

The fo rmat ion  of  carbonate m i n e r a l s  d u r i n g  hydrogenat ion o f  low rank c o a l s  can 
cause ser ious  o p e r a t i o n a l  d i f f i c u l t i e s  i n  t h e  r e a c t o r  systems. A good c o r r e l a t i o n  
has been found between t h e  ca lc ium conten t  o f  a number o f  V i c t o r i a n  brown c o a l s  and 
t h e  carbonate formed d u r i n g  hydrogenat ion.  However, the  r e s u l t s  i n d i c a t e d  t h a t  
c a t i o n s  o ther  than calc ium were i n v o l v e d  i n  t h e  format ion o f  carbonate. 

XRD a n a l y s i s  has revea led  t h e  presence o f  severa l  d i f f e r e n t  types o f  carbonate 
m i n e r a l s  i n  res idues  from a number o f  coa ls .  M inera ls  i d e n t i f i e d  i n c l u d e d  v a t e r i t e  
and c a l c i t e  (two polymorphs o f  CaCO,) do lomi te  (CaMg[CO,],) and i n  t h e  res idue f rom 
a h i g h  sulphur (2 .26% db) c o a l  anhydr i te ,  The types o f  
m i n e r a l  depos i ts  formed depend no t  o n l y  on the  c o a l  bu t  a l s o  on the  r e a c t i o n  
c o n d i t i o n s .  Our data i n d i c a t e s  t h a t  w h i l s t  v a t e r i t e  forms a t  low temperatures 
(380OC) as the  temperature inc reases  t h e  v a t e r i t e  becomes p r o g r e s s i v e l y  converted 
t o  c a l c i t e ,  t h e  more s t a b l e  form. A f t e r  f u r t h e r  inc reases  i n  temperature, 
p a r t i c u l a r l y  a t  l o n g  r e a c t i o n  t imes, do lomi te  begins t o  form. 

(CaS04) was i d e n t i f i e d .  

The r e a c t i o n  t o  form anhydr i te ,  i n  t h e  case of  the  h i g h  sulphur coal ,  must compete 
f o r  calc ium with t h e  fo rmat ion  o f  ca lc ium carbonate, and t h i s  may have a b e n e f i c i a l  
e f f e c t .  

C l e a r l y  the types o f  i n o r g a n i c  p r e c i p i t a t e s  which form d u r i n g  hydrogenat ion o f  
V i c t o r i a n  brown c o a l  a r e  dependent on t h e  n a t u r e  o f  t h e  exchangeable c a t i o n s  and t o  
some ex ten t  the  a v a i l a b l e  c o a l  su lphur .  

Sodium and B o i l e r  F o u l i n q  

The concent ra t ion  o f  sodium i n  c o a l  i s  regarded as t h e  most s i g n i f i c a n t  f a c t o r  i n  
t h e  fo rmat ion  o f  troublesome ash d e p o s i t s  d u r i n g  combustion. Although V i c t o r i a n  
brown coa ls  are g e n e r a l l y  low i n  ash forming c o n s t i t u e n t s ,  coa ls  w i t h  a h i g h  pro- 
p o r t i o n  of sodium can form ashes which c o n t a i n  o f  l a r g e  amounts o f  low m e l t i n g  
p o i n t ,  sodium su lphate  compounds. These a r e  formed d u r i n g  combustion from the 
i n o r g a n i c  sodium and organ ic  su lphur  i n  the  coa l .  

The sodium su lphate  condenses on the  sur face  o f  b o i l e r  tubes and together  w i t h  f l y -  
ash p a r t i c l e s  forms s t i c k y  depos i ts ,  which can conso l ida te  on heat ing  and l e a d  t o  
ext remely dense hard-to-remove depos i ts .  The presence of  h i g h  sodium su lphate  
conten t  ash thus r e q u i r e s  s p e c i a l  c o n s i d e r a t i o n  d u r i n g  the  design and o p e r a t i o n  o f  
b o i l e r s .  
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I n  Some V i c t o r i a n  brown c o a l s  s i g n i f i c a n t  q u a n t i t i e s  o f  a c i d  s o l u b l e  aluminium a re  
found. This i s  b e l i e v e d  t o  be present  as aluminium hydrox ide which i s  d ispersed 
throughout the water phase o f  t h e  coa l .  Dur ing  combustion o f  t h i s  c o a l  t h e  re- 
f r a c t o r y  aluminium ox ide  formed takes t h e  shape o f  t h e  r e l i c s  of  t h e  p l a n t  m a t e r i a l  
Present i n  the  coa l ,  t hus  forming an ext remely low d e n s i t y  ash (approx imate ly  100 
kg/m'). Wh i l s t  t h e  c o l l e c t i o n  o f  these p a r t i c l e s  by l e c t r o s t a t i c  p r e c i p i t a t i o n  i s  
poss ib le ,  the problem o f  reentra inment  on rapp ing  has necess i ta ted  the  use of 
l a r g e r  s i zed  units than  would o the rw ise  be requ i red .  I t  i s  the re fo re  impor tan t  t o  
determine the a c i d  s o l u b l e  aluminium f r a c t i o n  i n  t h e  c o a l  t o  determine if 
P r e c i p i t a t i o n  o f  f l y  ash i s  l i k e l y  t o  be a problem. 
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TABLE 1. BED WOISTURE AND MOISTURE HOLDING CAPACITY FOR 
SELECTED VICTORIAN COALS 

Coal F i e l d  Bed Mo is tu re  (As Received) Mo is tu re  Ho ld ing  Capacity 
(Selected Values) X ( E q u i l i b r i u m  Mo is tu re ) "  

Kg/Kg Dry Weiaht 
Coal 

Yal lourn-Maryvale 1.82 
Morwell-Narracan 1.54 
Loy Yang 1.63 
F l ynn  1.76 
Ya l l ou rn  Nor th E x t  .98 
Coolungoolun 1.19 
Gormandale 1.27 
Ge l l i onda le  1.83 
Stradbroke 1.41 

Bacchus Marsh 1.53 

* Determined a t  97% h u m i d i t y  and O°C 

Anglesea .87 

Percent 

64.2 
60.5 
61.9 
63.5 
49.5 
54.4 
56.0 
64.6 
58.4 
46.6 
60.4 

38.4 
38.2 
42.1 
41.2 
41.2 
35.0 
39.0 
35.3 
37.1 
32.9 
31.2 
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TABLE 2. 

Coal F i e l d  
(Selected Values) 

Yallourn-Mar yvale 
Morwell-Narracan 
Loy Yang 
F l y n n  
Y a l l o u r n  Nor th  E x t  
Coolungoolun 
Gormandale 
Ge l l i onda le  
Stradbroke 
Anglesea 
Bacchus Marsh 

TABLE 3. 

Coal 5 Dry  Bas is  

M ine ra l s  
FeS, 0.13 
S i O ,  0.19 
A1203 0.04 
Inorganics 
Fe 0.32 
Ca 0.70 
M9 0.24 
Na 0.08 
c1 0.04 
Organic S 0.25 
T o t a l  Ash 

CoflPARISON O F  ASH CONTENT AN0 MINERAL HATTER Fog 
SELECTED V ICTORIAN BROYN COALS 

% Ash, Coal Dry Bas is  E M i n e r a l  Ma t te r ,  

Determined Ca lcu la ted  Coal Dry Basis  

2.3 
2.4 
1.0 
1.4 
4.3 
2.3 
1.6 
5.0 
3.9 
3.9 
7.4 

2.4 
2.6 
1.1 
1.5 
4.5 
2.4 
1.6 
5.8 
3.6 
3.4 
7.4 

1.7 
1.5 
0.8 
0.1 
3.0 
2.2 
1.3 
3.4 
2.0 
2.2 
3.5 

COAL-ASH CHEPIISTRY : MORWELL OPEN CUT 

Ash% 
Laboratory  - B o i l e r  P r e c i p i t a t o r  

- 
S i02  6.2 
A1203 1.3 

Fe203 17.6 
CaO 32.0 
MgO 13.1 
Na,O 3.6 

8.0 
1.7 

22.7 
41.2 
16.8 
4.6 

5.0 
2.6 

TABLE 4. VARIATION I N  SELECTED CHEMICAL PROPERTIES BETYEEN 
V ICTORIAN BROWN COALFIELDS 

Y a l l o u r n  Morwel l  Range o f  Values 
P roper t y  Open Cut Open Cut (219 Samples) 

Mo is tu re  (wt %) 66.4 
Net wet spec i f i c l  

Ash ( w t  %) 1.3 
M ine ra l s  and Ino rgan ics  

( w t  I, db) 1.3 
V o l a t i l e  Mat ter  ( w t X ,  d m i f )  52.1 
H/C Atomic R a t i o  0.86 
Oxygen ( w t X ,  drnif)  26.2 
N i t r o g e n  (wtX, dmi f )  0.52 
Sulphur ( w t % ,  dm i f )  0.27 
SiO, (w t% db) 0.38 
Calcium ( w t X  db) 0.04 
Magnesium (wt% db) 0.18 
Sodium ( w t A  db) 0.06 
I r o n  - t o t a l  (wtX db) 0.18 
Phenol ic  - OH (rneq/g) 3.72 
-COOH (rneq/g) 2.21 
-COO- (meq/g) 0.49 
drnif - dry, m i n e r a l  and i n o r g a n i c - f r e e  bas i s  

energy ( M J  Kg- ) 6.87 

60.2 

8.95 
3.5 

2.7 
49.2 

0.86 
24.2 

0.62 
0.34 
0.14 
0.74 
0.23 
0.13 
0.19 
3.70 
1.90 
0.59 

db 

43.7 - 
5.24 - 
0.5 - 

0.3 - 
43.3 - 

0.77 - 
17.4 - 

0.36 - 
0.14 - 
0.01 - 
0.01 - 
0.02 - 
0.02 - 
0.01 - 
1.91 - 
0.90 - 
0.03 - 

d r y  bas i s  

71.0 

13.87 
12.8 

12.8 
67.8 

30.0 
1.16 

0.85 
5.36 
7.6 
2.07 
0.85 
0.47 
1.80 
4.46 
2.94 
1.66 
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Volotile Molter 
I % d b.1 

L : o r b o n  4 1 Specific Gross Energy Dry  4 
% d b )  IMJ/kg)  

F ig .  1. V a r i a t i o n  i n  se lected coal propert ies  w i t h  
depth i n  the Morwell Open Cut. 
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